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ABSTRACT
Background: It is unclear whether breakfast consumption and
breakfast composition are independently associated with changes in
cognition over a long-term period in older adults.
Objectives: We aimed to examine the associations between
energy and macronutrient intakes at breakfast and cognitive
declines.
Methods: We included 2935 participants aged 55–93 y at baseline
from the China Health and Nutrition Survey in our analysis.
Cognition was assessed in 1997, 2000, 2004, 2006, and 2015. Dietary
intake was assessed using weighing methods in combination with
24-h food records.
Results: Breakfast contributed to 25.9% of total energy intake of
the day and percentages of breakfast energy intake from protein,
fat, and carbohydrates were 12.8%, 11.5%, and 75.7%, respectively.
During a median follow-up of 9 y, the β values for changes in
global cognitive z-scores for Quintile 5 of protein and fat intakes at
breakfast, with Quintile 1 as the reference, were 0.13 (95% CI: 0.01–
0.25) and 0.17 (95% CI: 0.04–0.30), respectively. Substitution of
5% energy from carbohydrates with equivalent energy from protein
(β, 0.06; 95% CI: 0.01–0.11) or fat (β, 0.05; 95% CI: 0.02–0.08)
at breakfast was positively associated with the change in the global
cognitive z-score. Energy intake at breakfast was not significantly
associated with the global cognitive z-score. Similar results were
found for the verbal memory z-score. The positive association
of breakfast fat intake and the inverse association of breakfast
carbohydrate intake with cognitive declines were stronger in urban
residents.
Conclusions: Higher intakes of protein and fat and lower intake
of carbohydrates at breakfast were associated with a lower rate
of cognitive decline in older adults. Substitution of carbohydrates
with protein or fat intake at breakfast may help to delay or prevent
cognitive declines. Am J Clin Nutr 2021;113:1093–1103.

Keywords: dietary protein, dietary fat, dietary carbohydrates,
energy, breakfast, cognitive decline

Introduction
Breakfast is the first meal of the day and usually considered

as the most important meal (1, 2). Breakfast consumption was
associated with higher intakes of fiber, vitamins, calcium, iron,
and magnesium (3, 4) and lower intakes of red and processed
meat, appetizers, sugar-sweetened beverages, and alcohol in
middle-aged and older adults (5), thus probably leading to
beneficial effects on health. Previous prospective studies have
shown an inverse association between breakfast consumption and
well-known dementia risks, including obesity (6), diabetes (7),
heart disease (8), atherosclerosis (5), and hypertension (9), in
later life. A regular meal pattern is associated with improved
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circadian rhythmicity (10, 11), resulting in better cognitive health
(12, 13).

Increasingly, studies have investigated the beneficial effects
of breakfast on postprandial cognitive performance, but the
results remain inconsistent, probably due to different breakfast
compositions (14–16). A recent systematic review of clinical
trials found a small, beneficial, immediate effect (postprandial
cognitive responses) of breakfast consumption on memory in
healthy adults (17). Some studies demonstrate that protein
intake enhances postprandial delayed memory performance in
older adults, but others found no such effect (18–20). A cross-
sectional analysis of 800 middle-aged adults demonstrated that a
higher frequency of breakfast consumption was associated with
fewer cognitive failures (21). In contrast, a prospective study
of older adults did not observe a favorable association between
daily breakfast cereal consumption and cognitive performance
(22). To our knowledge, no longitudinal studies have reported
the association between breakfast consumption and breakfast
composition and long-term changes in cognition. Therefore, it is
imperative to explore this association in older adults based on
longitudinal data, given the increasing prevalence of dementia
and the increasing number of deaths caused by dementia globally
(23, 24).

We aimed to examine whether baseline energy and macronu-
trient intakes at breakfast were independently associated with
changes in cognition over 9 y in a large sample of older adults.

Methods

Participants

The present analysis was based on the China Health and
Nutrition Survey (CHNS), an ongoing open-cohort study initiated
in 1989 and followed up in 1991, 1993, 1997, 2000, 2004, 2006,
2009, 2011, and 2015 (25, 26). The study was conducted in
9 provinces from the northeast to southwest across the whole of
China. We randomly selected 2 cities (urban areas) and 4 counties
(rural areas) from each province. We then randomly selected
4 communities in each selected city or county and 20 households
from each community, and all selected household members were
interviewed. Cognitive assessments were performed in 1997,
2000, 2004, 2006, and 2015. Of the 20,254 individuals who
participated in any of the 5 surveys, the following were excluded
from the present analysis: those aged less than 55 y at baseline
(n = 11,923), those who completed the cognitive assessment at
only 1 survey (n = 5213), those who had missing values in meals
or who fell in the top or bottom percentile of total energy intake
(n = 44), or those who had diabetes, stroke, heart disease, or
cancer at baseline (n = 139). A total of 2935 participants were
included in the final analysis (Supplemental Figure 1).

The survey was approved by the institutional review com-
mittees of the University of North Carolina at Chapel Hill and
the National Institute of Nutrition and Food Safety, Chinese
Center for Disease Control and Prevention. Informed consent was
obtained from all participants prior to any study procedure.

Dietary assessment

Weighing methods were used to assess diet intake at the
household level for 3 consecutive days at each survey. All

foods, beverages, and condiments were measured using scales
by trained interviewers at the beginning and end of the 3-day
survey period. The 3-day 24-h dietary recalls were used to
assess diet intake at the individual level. Proportions of foods,
beverages, and condiments consumed at the household level
were allocated to individuals based on the data they reported
(27). Nutrient and energy intakes were calculated based on the
China Food Composition tables (28). Energy and macronutrient
intakes at breakfast were also computed by summing the intakes
from all food items consumed at breakfast. The average annual
consumption of energy and nutrient intakes was calculated from
surveys completed before and until the first cognitive assessment.

The doubly labeled water method was used to validate the
assessment of energy intake, with a correlation coefficient of
0.56 for men and 0.60 for women (29). Another validation study
showed that the correlation coefficients between dietary intake
estimated by weighing with 24-h recalls and urine excretions
measured from 24-h urine samples for sodium and potassium
were 0.58 and 0.59, respectively (30).

Cognitive function test

The primary outcome variables in the present study were the
global cognitive score and the verbal memory score. We used a
subset of the items from the Telephone Interview for Cognitive
Status (modified version) to assess cognitive function in 1997,
2000, 2004, 2006, and 2015 (31). The tool has been used in other
population studies in China (32, 33). Cognitive screening through
a face-to-face interview included 3 tasks, including immediate
and delayed recall of a 10-word list, counting backward from 20,
and serial 7 subtraction 5 times. The total score for immediate and
delayed recall ranged from 0 to 20, with each correctly recalled
word assigned a score of 1. For counting backward, a score of 2
was given to those who counted backwards correctly on the first
try and a score of 1 was given to those only counted backward
correctly on the second try. The total score for serial 7 subtraction
ranged from 0 to 5, with a score of 1 assigned to each of the
5 serial 7 subtractions.

The global cognitive score was computed by summing the
scores of all 3 tasks, with a total score ranging from 0 to
27. A total verbal memory score was computed as the sum of
the immediate and delayed 10-word recalls. The distributions
of the global cognitive score and verbal memory score at
baseline, as well as the changes in these scores, were not highly
skewed (Supplemental Figures 2–5). All scores were analyzed
as age- and gender-standardized z-scores, and a higher score
represented better cognitive function. The cognitive decline was
computed by subtracting the scores at baseline from those at
follow-up. Follow-up was computed by subtracting the date of
the first cognitive assessment from that of the last cognitive
assessment.

Physical examinations

Height was measured to the nearest 0.1 centimeter using a Seca
stadiometer, and weight was measured to the nearest 0.1 kg on a
calibrated beam scale. BMI was computed as weight in kilograms
divided by squared height in meters. Systolic and diastolic blood
pressure were measured in the seated position using a standard
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mercury sphygmomanometer by trained nurses: 3 measurements
were taken to the nearest 2 mmHg, and the average of the last
2 measurements was used for analysis.

Confounders

Age, gender, education, smoking, and alcohol consumption
were self-reported. Physical activity was assessed based on
hours per week spent in different occupational, household,
transportation, and leisure-time activities using a validated ques-
tionnaire, from which the metabolic equivalent of task (MET)
was calculated (34). Any history of hypertension, diabetes,
stroke, myocardial infarction, or cancer was also collected based
on the diagnosis (self-reported) of physicians.

Statistical analysis

We performed an ANOVA for continuous variables and
the chi-square test for categorical variables to compare the
differences in baseline characteristics across the quintiles of
energy intake at breakfast.

General linear models (GLMs) with identity links and
normally distributed responses were used to test the differences in
cognitive score changes between individuals in different quintiles
of baseline energy and macronutrient intakes at breakfast. We
tested 3 models: 1) Model 1 was adjusted for communities in
cities or counties as clustering effects and for characteristics of
individuals, including age (continuous) and gender (women and
men), as fixed effects; 2) Model 1 was adjusted for all variables
in Model 1 plus education, urbanicity (rural and urban areas),
years of follow-up, smoking (never, former, and current smokers),
alcohol intake (yes, no), physical activity (continuous), global
cognitive score (continuous), BMI (continuous), and systolic
and diastolic blood pressure (continuous) at baseline as fixed
effects; and 3) Model 3 was adjusted for all variables in Model
2 plus intakes of total energy, breakfast energy, fiber, sodium,
potassium, grains, vegetables, fruits, red meat, processed meat,
fish, and poultry (continuous) at baseline as fixed effects. A GLM
was also used to test the association of changes in cognitive scores
with each 5% energy increment from energy and macronutrient
intakes at breakfast. A nonlinear association between energy and
macronutrient intakes at breakfast and changes in global cog-
nitive scores was analyzed using a GLM. A repeated-measures
analysis of the association between breakfast energy and
macronutrient intakes and changes in cognitive scores was also
conducted.

Changes in cognitive scores associated with substitution
of 5% energy (breakfast) from the carbohydrate intake with
equivalent energy from the protein and fat intakes were
estimated using a GLM. We simultaneously included energy
intake at breakfast and percentages of energy (breakfast) from
carbohydrate and other specific macronutrients at breakfast
(continuous), as well as other potential confounders, in the GLM.
The difference in beta coefficients and 95% CIs between the
2 macronutrients of interest was then computed as the coefficients
associated with the substitution of 1 macronutrient for another
(35).

An interaction analysis was conducted to explore whether the
association of energy and macronutrient intakes with changes

in cognitive scores differed between subgroups of age, gender,
education, urbanicity, follow-up period, physical activity, BMI,
and blood pressure. A stratified analysis was then performed
for those factors with significant interactions. We did a further
analysis of the association between breakfast consumption and
changes in cognitive scores, stratified by participants who did
and did not develop chronic conditions (obesity, hypertension,
diabetes, stroke, heart disease, or cancer) during follow-up, as
these conditions might mediate the associations.

The numbers of participants who had missing data on
education, physical activity, BMI, and blood pressure were 95
(3.2%), 190 (6.5%), 31 (1.1%), and 81 (2.8%), respectively.
Missing values for education were assigned as a single category.
Multiple imputations (5 iterations) were conducted for missing
values of continuous covariates using a Markov Chain Monte
Carlo–based method. All covariates in the primary analysis were
included in the multiple imputation procedures.

Data analyses were conducted using SAS 9.4 for Windows
(SAS Institute Inc.), and 2-sided P values < 0.05 were considered
statistically significant.

Results

Participant characteristics

We included 2935 participants (51.4% women) aged 55–
93 y (mean ± SD, 61.8 ± 6.6 y) at baseline with complete
data on variables of interest in the analysis. Individuals living
in rural areas or those with high occupational activity levels
were more likely to consume more energy from breakfast
(Table 1). Participants in the fifth quintile of breakfast energy
intake had higher BMIs and blood pressure and were more likely
to be physically active compared with those in the first quintile.
Breakfast energy intake was associated with higher 3-day average
intakes of total energy and carbohydrates and lower intakes of fat
and protein at baseline. The global cognitive z-scores and verbal
memory z-scores at baseline did not differ between quintiles of
breakfast energy intake.

Changes in cognitive scores

During a median follow-up of 9 y (range, 2–19 y; mean ± SD,
8.9 ± 4.8 y), the global cognitive raw score decreased by
2.2 ± 6.8. The global cognitive z-score decreased from
0.11 ± 0.90 at baseline to 0.06 ± 0.94 at follow-up (mean
difference, −0.04 ± 1.15). The verbal memory raw score
decreased by 1.5 ± 5.7. The verbal memory z-score decreased
from 0.10 ± 0.87 at baseline to 0.07 ± 0.92 at follow-up (mean
difference, −0.03 ± 1.17).

Energy and macronutrient intakes

Percentages of daily energy intake from protein, fat, and
carbohydrates were 14.4%, 15.8%, and 69.8%, respectively
(Supplemental Figure 6). Breakfast contributed to 25.9% of the
total energy intake of the day. Percentages of breakfast energy
intake from protein, fat, and carbohydrates were 12.8%, 11.5%,
and 75.7%, respectively.
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Energy and macronutrient intakes at breakfast and the
change in global cognitive score

The energy intake at breakfast was not significantly associated
with the change in the global cognitive z-score (Table 2). In
the multivariable analysis, the β for the change in the global
cognitive z-score was 0.13 (95% CI: 0.01–0.25) for the fifth
quintile of protein intake at breakfast. Breakfast protein intake
(each 5% breakfast energy increment) was positively associated
with the change in the global cognitive z-score (β, 0.08; 95%
CI: 0.01–0.16). Individuals in the fourth and fifth quintiles of
fat intake at breakfast had relatively higher increases in the
global cognitive z-score [β, 0.15 (95% CI: 0.03–0.27) for the
fourth quintile; 0.17 (95% CI: 0.04–0.30) for the fifth quintile]
compared with those in the first quintile after adjustment for
confounders. Fat intake at breakfast (each 5% breakfast energy
increment) was positively associated with the change in the
global cognitive z-score (0.06; 95% CI: 0.03–0.09). Carbohydrate
intake at breakfast was inversely associated with the change in
the global cognitive z-score before (P-trend = 0.0382) but not
after adjustment for confounders (P-trend = 0.2094; Model 2).
A marginal, nonlinear association between breakfast fat intake
and the change in the global cognitive z-score was observed
(P = 0.0710; Supplemental Table 1).

Energy and macronutrient intakes at breakfast and the
change in verbal memory score

No significant association between breakfast energy intake
and the change in the verbal memory z-score was observed
(Table 3). Protein intake at breakfast was positively associated
with a change in the verbal memory z-score before but not after
adjustment for confounders. Fat intake at breakfast was positively
associated with the change in the verbal memory z-score [0.14
(95% CI: 0.01–0.27) for the fifth quintile versus the first quintile]
after adjustment for confounders. Fat intake at breakfast (each
5% breakfast energy increment) was positively associated with
the change in the verbal memory z-score (β, 0.05; 95% CI: 0.03–
0.08).

Repeated-measures analysis of the association between
breakfast energy and macronutrient intakes and changes in
cognitive scores

Each 5% increment change in energy intake from breakfast
protein was associated with a 0.05 unit (95% CI: 0.03–0.08
unit) increase in the global cognitive z-score (Supplemental
Table 2). The corresponding number for breakfast fat was 0.02
units (95% CI: 0.01–0.03 units). Similar results were observed
for the verbal memory z-score.

Substitution of carbohydrate intake with protein and fat
intake at breakfast and the change in cognition

The substitution of 5% energy from carbohydrates at breakfast
with equivalent energy from protein (β, 0.06; 95% CI: 0.01–
0.11) or fat (β, 0.05; 95% CI: 0.02–0.08) at breakfast was
associated with a relative increase in the global cognitive z-score
(Figure 1). Likewise, substitution of 5% energy from carbohy-
drates at breakfast with equivalent energy from protein (0.06;
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FIGURE 1 Substitution of the carbohydrate intake with equivalent energy from the protein and fat intakes and the change in cognition. Changes in cognitive
scores associated with substitution of 5% energy (breakfast) from the carbohydrate intake with equivalent energy from the protein and fat intakes were estimated
using GLM. We simultaneously included energy intake at breakfast and percentages of energy (breakfast) from carbohydrates and other specific macronutrients
at breakfast (continuous), as well as other potential confounders in the GLM. The differences in coefficients and 95% CIs for the 2 macronutrients of interest
were then computed. The change in cognitive scores was computed as the scores at baseline subtracted from those at follow-up. Model 1 was adjusted for age
and gender; Model 2 was adjusted for the same variables in Model 1 plus education, urbanicity, years of follow-up, smoking, alcohol intake, physical activity,
global cognitive score, BMI, and systolic and diastolic blood pressure at baseline; and Model 3 was adjusted for the same variables in Model 2 plus intakes of
total energy, breakfast energy, fiber, sodium, potassium, grains, vegetables, fruits, red meat, processed meat, fish, and poultry at baseline. Abbreviation: GLM,
general linear regression model.

95% CI: 0.03–0.08) or fat (0.04; 95% CI: 0.02–0.07) at breakfast
was associated with a relative increase in the verbal memory
z-score.

Moderation analysis

The positive association between fat intake at breakfast and the
change in the global cognitive z-score was more evident in urban
residents [β, 0.42 (95% CI: 0.20–0.64) for urban areas and 0.09
(95% CI: −0.09 to 0.27) for rural areas for the fifth quintile versus
the first quintile; P-value for interaction < 0.0001; Table 4]. The
inverse association between carbohydrate intake at breakfast and
the change in the global cognitive z-score was observed in urban
residents only [β, −0.29 (95% CI: −0.50 to −0.09) for urban
areas and 0.06 (95% CI: −0.11 to 0.23) for rural areas for the fifth
quintile versus the first quintile; P value for interaction < 0.0001].
Similar results were found for the change in the verbal memory z-
score. As shown in Supplemental Tables 3 and 4, the association
between breakfast energy and macronutrient intakes and a change
in cognitive scores did not differ between individuals who did and
did not develop main chronic conditions during follow-up.

Discussion
Breakfast energy intake was not significantly associated with

cognitive declines. A second primary finding was that a higher
intake of protein and fat at breakfast was associated with a

lower rate of cognitive decline. A large proportion of total
energy was consumed from breakfast, with carbohydrates as
the predominant source, and a significant decrease was seen
in the global cognitive z-score during follow-up in this large
population of older adults. The substitution of carbohydrate
intake at breakfast with equivalent energy from protein or fat
intake at breakfast was associated with a lower rate of cognitive
decline. The association between fat and carbohydrate intakes at
breakfast and cognitive declines was stronger in urban residents.

Breakfast consumption has not been linked to cognitive
impairments or dementia in previous observational studies. As
cardiovascular and metabolic disorders have been demonstrated
to be important risk factors for dementia (36), the inverse
association between breakfast consumption and cardiovascular
and metabolic disorders, as demonstrated in studies in Western
countries (5–9), may suggest that breakfast consumption is
associated with a lower rate of cognitive decline. Our study
showed that breakfast energy intake was not significantly
associated with cognitive declines. This may be attributed to the
much lower prevalence of breakfast skippers and much higher
breakfast energy intake in older adults in China as compared
to Western countries. The percentage of energy consumed from
breakfast in our study (25.9%) was even greater than the
upper end of the range (15% to 25%) recommended by dietary
guidelines in Western countries (2). Data from the Progression
of Early Subclinical Atherosclerosis study from Spain showed
that >20% energy intake from breakfast was associated with
a lower prevalence of atherosclerosis (5). However, breakfast
contributed to a small proportion of energy intake, with 27%
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of the population consuming >20% of their total energy from
breakfast and 3% consuming <5% of their total energy from
breakfast (skippers) in the Spanish study (5). In our study, the
percentages of the population consuming >20% and <5% of
their energy from breakfast were 82.9% and 0.7%, respectively.
A recent meta-analysis of clinical trials showed that habitual
breakfast eaters had a small but significant weight gain compared
to breakfast skippers (37), which suggests a large breakfast may
not be beneficial for cognitive health.

High-protein diets may be beneficial for reductions in weight,
fat mass, and lipids (38, 39), because of their potential effects
on enhancing energy expenditure, substrate oxidation, and satiety
(40). We found that a higher protein intake at breakfast was
associated with a lower rate of cognitive decline over the long
term. Our findings were supported by a cross-sectional study
of 162 older adults showing a potentially protective impact
of high dietary protein intake on the brain amyloid-β burden
(41); a high amyloid-β burden was associated with accelerated
cognitive declines (42). In contrast, a cross-sectional study of
661 participants aged <65 y found that a higher protein intake
was associated with a higher prevalence of mild cognitive
impairment (43). A possible explanation for this inconsistency
is that total protein intake over the day was analyzed in this
study, whereas breakfast protein intake was linked to cognitive
declines in our study. Participants of the Ding et al. (43) study
were young and middle-aged adults, but those included in our
study were older adults aged ≥55 y who might require higher
levels of protein to maintain health. The study was also limited
by the cross-sectional design and the small sample size compared
with our study. Our findings suggest a relatively high protein
intake at breakfast may prevent or delay cognitive declines in an
older population with diets high in carbohydrates.

Previous studies have demonstrated the importance of dietary
fat for cognitive health. A recent meta-analysis of prospective
studies showed that the total daily fat intake was not significantly
associated with cognitive declines (44). We found that a higher
breakfast fat intake was associated with a lower rate of cognitive
decline. This association was independent of socioeconomic
status, lifestyle factors, and intakes of total energy, breakfast
energy, fiber, sodium, grains, vegetables, fruits, red meat, fish,
and poultry. Inconsistent with our findings, a recent clinical
trial of 1606 women aged ≥65 y suggests that a low-fat eating
pattern resulted in a decreased risk of cognitive impairment (45).
However, fat intake contributed to 20% of energy in the low-
fat intervention group, which was much higher than the mean
breakfast fat intake (11.5%) in our study. This suggests that a
higher breakfast fat intake may have the potential to prevent
cognitive declines in a population with low levels of fat intake.

Carbohydrates are the main source of energy and glucose
in our body, and the US dietary guidelines recommend that
carbohydrates provide 45–65% of total energy intake (46). In
our study, carbohydrates contributed to 69.8% of total energy
intake and accounted for 75.7% of breakfast energy intake,
which was even higher than the upper recommended range.
Since carbohydrates are less functional in the formation and
regulation of the body’s tissues than protein and fat, diets low in
carbohydrates and high in protein or fat have been recommended
for promoting metabolic health. This is consistent with our study,
which demonstrated that a higher breakfast carbohydrate intake
was associated with a higher rate of cognitive decline. Similarly,

a prospective study of 3831 older adults reported that those with
daily consumption of breakfast cereal (mainly carbohydrates)
had poorer cognitive performance at baseline and over 11 y of
follow-up compared to those who consumed cereal more or less
frequently (22). The high content of simple sugars and high
glycemic index of diets high in carbohydrates are associated
with increased risks of obesity, hypertension, and diabetes (47),
which are known to be important risk factors of dementia
and cognitive decline. This may partly explain why a higher
breakfast carbohydrates intake was associated with an accelerated
cognitive decline. Our findings, together with previous studies,
suggest the substitution of carbohydrates with protein or fat
consumed at breakfast is associated with a lower rate of cognitive
decline. Our further analysis shows that older, urban residents
with a high fat intake and a low carbohydrate intake at breakfast
are more likely to experience cognitive declines during follow-up.

The strengths of the present study include the large sample
size, long-term follow-up, and the measurement of dietary
intake using weighing methods for 3 consecutive days. To our
knowledge, this is the first longitudinal study to investigate
the association between energy and macronutrient intakes at
breakfast and changes in cognition. The present study also has
several limitations. First, older adults aged ≥55 y contributed to
a small proportion of the total sample of the CHNS; therefore,
our findings may not be generalized to the whole population of
China. Although socioeconomic and lifestyle factors and intakes
of energy, fiber sodium, and main food groups were adjusted
for in our analysis, unknown and unmeasured confounding
is possible. Thirdly, time-dependent covariates were not taken
into consideration, which might bias the association between
breakfast intake and cognitive declines.

In conclusion, macronutrient composition but not energy
intake at breakfast was associated with changes in cognition over
the long term. Substitution of carbohydrates with protein or fat in-
take at breakfast may help to delay or prevent cognitive declines.
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